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PWNe in X-rays and Gamma-
rays

Based on 3FGL catalog
(made by Jeremy Hare)

HESS collaboration



Observations in soft gamma-rays 
can:

• Constrain spectral slope, break and maximum energy of 
particles from synchrotron emission - link to acceleration 
process 

• Constrain transport mechanisms (diffusion vs. bulk flow)
• Constrain  magnetization and composition
• Constrain magnetic fields via cooling (spectral cut-off) 

evolution as a function of distance from the pulsar
• PWNe (pulsar winds) are very similar to AGNs, GRBs,  

microquasars!



Objects to study in MeV should 
be

• Big on the sky
• Bright
• Represent the diversity of PWN population 

(in terms of age, Edot, PWN morphology,...)
• Have something special (e.g., flares in Crab)



Some interesting things to look 
for?

• Can Vela or MSH 15-52 PWN have flares in 
MeV?

• Can the delayed effects of Crab GeV flares 
be seen in MeV ?
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MSH 15-52
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Spectrum of MSH 15-52

Gelfand et al. (2009), ... Torres et al.  (2014) 

Cooling times related to cooling break energy:

Time-dependent but 1-zone models

Connection to the particle transport models
(diffusion vs. bulk flow), enabling multi-zone models.

Possible very mild break around 6 keV, confirmation needed!

An et al. 2014

Chandra

Nustar

Where is the cooling break and synchrotron 
cut-off?

Forot et al. 2006

Break?Knowing residence time τ and break energy E constrains B.
Measuring synchrotron cut-off  energy constrains combination of
 maximum electron energy and B. IC provides additional constrains.



Not talking about pulsars today  
but..

Pillia 2011

An interesting type of 

soft-gamma ray pulsar 

with cut-off in MeV range!

B1509-58 in MSH 15-52

Would be good to look for annihilation lines from positrons...



Vela PWN          and          Vela X

Image: INTEGRAL, 18-40 keV 
(Mattana et al. 2011) LaMassa et al. (2008)

Grondin et al. (2013)

X-ray 
Grondin et al. (2013)

Kargaltsev & Pavlov 2008



Vela PWN spectrum
de Jager (1997)

Mattana et al. 2011

Vela PWN

Vela X

Mattana et al. (2011)

INTEGRAL IBIS/ISGRI 

Suzaku XIS

Where is the synchrotron cut-off? 

Need arcminute resolution and good 
sensitivity in MeV range!



Discriminating between pulsar-
wind models:

1-Zone Synchrotron + IC on CMB
model for Vela X cocoon
(from LaMassa et al. 2008) - 
different SEDs of the injected
electron assumed on top and bottom.

Mattana et al. 2011 Zhang 2009

Leptonic vs.
lepto-hadronic 
models

1-zone
leptonic 
model
(PL+ Rel. Maxwell)

LaMassa et al. (2008)



Crab and Vela PWN angular scales are comparable : need  <1 arcminute resolution in MeV!
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Mission requirements

• Sensitivity <0.1% of Crab
• Resolution <1 arcmin
• energy range 100 keV - 100 MeV (can be 

narrower); can be narrower if helps with 
resolution

• Energy resolution can be a trade-off


